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SUMMARY

An experimentalfivestigationwasmade
monorailto determinetheeffeetof shallow

ontheLangleytankno.2
wateronthehydrodynamic

characteristicsofa flat-bottomplaningsurface.Measurementswere
takenoflift,drag,andtrimmingmcmentat a constantspeedovera
rangeoftrims,wettedlengths,andclearancesbetweenthemodelanda
falsebottominthetank.

Thevaluesof lift,drag,andtrhnningmcmentaboutthetrailing
edgeofthemodelallincreasedwithdecreasingclearance.Themost
apparentincreasesoccurredas clearancedecreasedbelow2.5inches
(1beam).Withcombinationsofhighwettedlengthandhightrim,how-
ever,thevaluesbeganto increaseat somewhatgreaterclearances.The
lift-dragratioincreasedwithdecreasingclearanceforwettedlengths
greaterthan0.8 beamandtrimslessthan160. Theroachinthewake
ofthemodelincreasedinheightandmovedfartheraftofthe!modelas
theclearancedecreased.

A descriptionofthemonorailanditsassociatedapparatusis
includedinan appendix.

INTRODUCTION

Theeffectsof shallowwaterontheforcesactingona planingbody
wouldbe expectedtobe similarto groundeffectsonwingforces.The
magnitudesoftheeffects in theplaningcase,however,havenotbeen
establishedveryclosely,andbeccxneofparticularinterestintheoper-
ationofwater-basedaircraftofframpsorbeacheswherethewaterdepth
approacheszero.

A preliminaryinvestigationwasthereforemadeontheLangley
tankno.2 monorailto determinevariationsofthelift,drag,andtrim-
mingmomentofa flatplaningsurfaceduringpureplaningin shallow
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waterofvariousdepths.Theexperimentsweremadeonwaterthatwas
madeshallowbymeansofadjustablefalsebottomsinthetestregion.
Sufficientrangesoftrimandwettedlengthswereincludedforevalua- %..
tionoftheimportanceoftheproximityofthebottomfortypicalhydro-

--

skitake-offandlandingconditions.
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SYMBOLS1

dragcoefficientbasedonwettedarea,Dragqs

Liftliftcoefficientbasedonwettedarea,—
qs

trhmning-mgnentcoefficientabouttrailingedgeofmodel,
Moment–
qs2m

speedcoefficient,~
@

beam,0.208ft

accelerationdueto gravity,32.15ft/sec2

meanwettedlength,ft

dynamicpressure,*V2 lb/sqft .

wettedarea, Zmb,sqft L---

speed,ft/sec

clearance(verticaldistancebetweentrailingedgeofmodel
andfalsebottomoftank),ft

massdensity,1.977
1.938ShW/CU ft

trimangle,deg

slugs/cuftforsalt-waterdata,
forfresh-waterdata

MODELANDAPPARAJXJS

TheinvestigationwasmadeattheLangleytankno. 2 monorail.A

. .J

.L.
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—

—

—
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.

descriptionofthemonorailanditscarriages-andinstrumentationis
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givenintheappendix.A drawingofthemodelusedispresentedinfig-
ure1. !l%ismodel,whichwasof solidmahogany,was19.6incheslong
and2.5incheswide. Ithada flatbottomsurfaceanda longitudinally
curved,circular-arctopsurface.

Themodelwasattachedto a three-ccnnponentstrain-gagebalanceby
meansoftwostrutsanda crossbar,as showninthetestsetupillustrated
infigure2. Thebalancewashousedina metalboxto protectitfrom
spray.Adjustmentinverticalpositionwasprovidedbymovingthestaff
vertically.Adjustmentintrimwasprovidedby a pivotinthebalance.

Foursteeltables,each10feetlongand6 feetwide)wereP1-aced
endto endinthetankto forma falsebottom.A givendepthofwater
wasobtainedby adJustingtheheightofeachtablewithfourbrassscrews
operatedby handcranksthrougha slotinthetabletop. A sketchofthe
testsetupshowingthetablesisgiveninfigure3.

Thetabletopsweremadeofl/8-inchsheetsteelboltedtoan angle-
ironframework.Themaximumvariationfroma horizontalplanewas
approximatelyO.@ inchalongthelongitudinalcenterlineof.eachtable.
Thegapsbetweenadjacenttableswerekeptto about1/2inchor lessand
no effectsofthegapswerediscernibleontheforcesrecorded.

6
Forthedeterminationofwettedlengths,underwaterphotographsof

thegridinscribedonthebottomofthemodelweretakenbymeansofan
u electricallyoperatedcsmerahousedina watertightboxmountedunder

thelasttablealongtherun. Thephotographsweretakenthrougha glass
plateinthetabletop. Thecmnerashutter,high-speedflashlamps,
andfilmadvancewereactuatedby a photoelectricunitwhena lightbeam
wasinterruptedby thecarriageasthemodelpassedoverthecamera.

Alltheshallow-waterrunsweremadein saltwater.Thedifference
indensitynotedinthelistof symbolswascausedby thefactthatthe
tankhadbeendrainedandrefilledwithfreshwaterwhenthedeepwater
runsweremade.

Theestimatedaccuraciesofthetestmeasurementsareasfollows:

Trimangle,deg.. . . . . . . . . . . . . . . . . . . ● = ● ● ● *0.1
Speed,fi/sec.. . . . . . . . . . . . . . . . . . . . . ● . . ● *0.05
Lift,lb . . . . . . . . . . . . . . . .= . . . . . ● . . ● ● c *o~25
Drag,lb . . . . . . . . . . . . . . . . . . . . . . . ..= . . ~o.1
Trimmingmoment,ft-lb . . . . . . . . . . . . . . . . . . . . ● *o*25
Wettedlength,in. . . . . . . . . . . . . . . . . . . . . . . . *O*Q5
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Alltherunsweremadeata nominalspeedof25feetpersecond
(cv= 9.66). Thisspeedwaschosento avoidtheeffectsofbuoyancyas

—

muchaspossiblewithoutexceedingtheforcelimitsonthebalance.

Themodelwastestedat initialtrimsof4°,8°, 12°, 16°, and20°
andatwettedlengthsof1 to 16inches(tm/b= 0.4to 6.4). Eachcon-

.,

ditionwasinvestigatedat clearancesof0.5,1.0,1.5,2.0,2.5) 3.o~
and4.0inches(z/b= 0.2to 1.6) anda separatesetofrunswasmadein
deepwater_(72inches).

Thetestresultswerecorrectedforforcetaresduetowindage.
Thetaresonthemodelandstrutsweredeterminedbynmlsingrunswith
themodelJustclearofthewaterateachtrimvaluetested.Struttares

—

weredeterminedfromrunsmadewiththemode”lremoved.Thetaresonthe
modelalonewereconsideredasthedifferencesbetweenthetwosetsof
taresobtained.Fora giventrimandwettedlengbh,thetareonthe
modelwasdeterminedbymultiplyingthetotaltareforthemodelatthat
trimby theratiooftheunwettedlengthto thetotallengthofthemodel.
Thestruttarewasaddedtothisvaluein correctingthetestresults. ●.

Measurementsof--lift,drag,andtrimmingmomentwererecorded.The
trimmingm~nt wasmeasuredaboutthepivotofthebalance,andthe b’
trimmingmcnnentaboutthetrailingedgeof”themodelwascalculatedfrom
thesedataandtheconfigurationofthesystem.Trinnning-momentcoeffi-

—

cientswerebasedonwettedareaandwettedlength.Liftanddragwere
reducedto coefficientsbasedonwettedarea.Themeasuredspeedswere +
usedindeterminingallcoefficients.

Wettedlengthswerereadfromunderwaterphotographs.Thewetted
length~ wasmeasuredfr.oythetrailingedgeofthemodeltotheinter-
sectionoftheheavyspraylinewiththeplaningbottcm.As canbe seen
infigure4,theheavyspraylinewasslightlycurvedandthewetted
lengthatthecenter,,lineofthemodelwasapproximately0.2inchgreater
thanatthechine.Thearithmeticmesmofthechtieandcenter-line

——

wettedlengthswasusedforthevalueof ~.
.-
—

Trimvalueswerefoundtovarywithmomentaboutthepivotofthe
strain-gagebalancebecauseofdeflectionsinthebalance;theinitial
valuesoftrimwerecorrectedforthisvariation.Thevariationintrim
causedtheclearancevalues“tobe greaterthanthoseinitiallyset. As
a resultofthetestingprocedurefollowed(inorderto reducethenumber —

oftablesettings),nonintegralvaluesofwettedlengthwereobtained.
Crossplotsthereforeweremadeinorderto obtainintegralvaluesof

..-

trimandwettedlength.Thedata,w?nichwerereducedto coefficientform
tominimizeeffectsof speedvariations,wereplottedagainstwettedleggth -
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,
at constantclearancewithinitialtrimas a parameter,andthecorrected
trimvalueswerenotedforeachpoint.Franthefairedcurvesofthese-.
plotsa crossplotwasmadeagainsttrimat constantclearancewithinte.
gralvaluesofwettedlengthas a parameter.Thefinalplotswerethen
madeagainstcorrectedvaluesof clearancewithevenvaluesoftrimand
wettedlength.

Stillandmotionpicturesweretakento showtheeffectof clearance
ontheflowpatternsproducedby themodel.

RESULTSANDDISCUSSION

Thedataobtainedfromthetestsaregivenincoefficientformin
tableI andtheresultsareplottedinfigures5 to 8. Thepointsshown
onthecurvesarefromthecrossplotsmadeinorderto obtainthedata
intermsof integralvaluesof”trimandwettedlength.

Deepwaterdata,whichwereobtainedforccanparisonpurposes,are
presentedinfigure~. Theliftvaluesareslightlylowerthanvalues
previouslyobtainedwitha similarmodel.Theselowervaluesprobably

. resultfromthefactthatthenominallysharpchines.ofthewocxienmodel
wereactuallyslightlyrounded.Unpublisheddataobtainedfrmntestsin
Langleytankno.2 indicatethatevenslightroundingofthechinesu
reducestheliftforcesproducedby a flat-bottomplaningsurface.

Theeffectof clearanceonliftcoefficientisshowninfigure6.
As canbe seen,theliftcoefficientincreaseswithdecreasingclearance.
Themostapparent increases in the lift coefficient occurred as clearance
values decreased below 2.7inches(1beam).However,titha combination
ofhighwettedlengthandhightrimtheliftcoefficientscontinuedto
decreaseastheclearanceincreasedtovaluesgreaterthan2.5inches
and,as indicatedinfigures6(e)and6(f),wouldprobablyreachthe
deepwatervalueata clearancegreaterthan4 inches.

As showninfigures7 and8, dragandtrimming-momentcoefficients
increasedwithdecreasingclearanceinthesamemannerasdidthelift
coefficients;thatis,mostofthevariationofdragtidtr~ng-moment
coefficientoccurredas clearancedecreasedbelow2.5inches(1beam).
Thepercentageincreaseindragcoefficientoverthedeepwatervaluewas,
however,slightlylessthanthepercentageincreaseinliftcoefficient
becausethefrictiondragisunaffectedby an increaseinlift,andonly
thedragdueto lift(CLtanT) increasesinproportionto an increase

● inlift.

Theeffectof clearanceonlift-dragratiois showninfi~e 9.
At a wettedlengthof 2 inches(lm/b= 0.8),novariationwithclearance
wasnotedthroughoutthetrimrangetested.Forlargerwettedlengkhs,
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a variationwithclearancewasnotedonlyfortrimslessthan16°. At
largertrimvalues,thefrictiondragbecomesa smallerpartofthetotal
dragandforthisreasonthevariationoflift-dragratiowithclearance d
atthelargertrimvaluesisnegligible.Thevariationoflift-drag
ratiowithclearanceincreasedwith.increasingwettedlength.No differ- .
encewasnotedbetweenthelift-dragratiosforclearancesof4 inches
and72 inches.

Thevariationofmaximumlift-dragratiowithclearanceandwetted
lengthisshowninfigure10. Figure10(a)givesthevariationwith
clearanceforvariouswettedlengthsandshowsthattheincreaseinmaxi-
mumlift-dragratiowithdecreasingclearancebecomesmoreapparentat
largervaluesofwettedlen@h. Thevalues.yarylittlewithclearance
at a clearancelargerthanabout3 inches(1.2 beams). Figure10(b),
whichisa crossplotoffigure10(a),showsthevariationwithwetted
lengthforvariousclearancevalues.

InfigureEL is shownthechangeinappearanceoftheroachasthe
modelapproachesandprogressesovertheedgeofthetables.Whenin
deepwatertheroachwaslowandnoteasily-distinguishable(fig.n(a)).
In shallowwater,theroachbecamemore pronounced,rising higher above
the free water suxface andmoving farther afl of the model. At a clear-
anceof0.5inch(0.2beam),theroachwasqpitepronounced(figs.n(b) c
and11(c)).

As canbe seeninfigureEl.,theroachchangedabruptlyattheedge P
ofthetables.Similarly,theforcesonthemodelincreasedabruptly
withtheabruptdecreaseinclearanceasthemodelpassedovertheedge
ofthesubmergedtables.

CONCLUSIONS

Theresultsoftanktestsofa flat-bottomphningsurfacewithvarying
clearancesbetweenthetrailingedgeoftheplaningsurfaceanda false
bottominthetankmaybe sumarizedasfollows:

1.Liftjdrag,andtrimmingmomentaboutthetrailingedgeall
increasedwithdecreasingclearance.

2.Themostapparentincreasesoccurred,as clearancedecreasedbelow
2.5inches(lbesm).Witha combinationof.hightrimandhighwetted
length,however,thevaluesbeganto increaseat somewhatgreater
clearances.

.—
●

3.Thelift-dragratioincreasedwithdecreasing clearanceforwetted
lengthsgreaterthan0.8beamandtrimslessthan16 . d
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k.Theroachproducedby themodelincreasedinheightandmoved
fartheraftofthemodelas clearancedecreased..

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Va.,January19,~g56.
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APPENDIX

DESCRIPTIONCl?THELANGLEYTANKNO.2 MONORAIL

ANDITSOPERATION

An additionaltestfacilityattheLangleytankno.2 isa 180-foot
monorailthathasbeeninstalledatthenorthendofthetankbeyondthe
pointwherethemain-carriagerunsusuallyend. Themonorail,whichcon-
sistsof2.25-inchby 5.75-inchchannelbesmsfastenedendto end,is
supportedabout3 feet abovethe 6-foot waterlevel by steel brackets
attachedtothebeachonthewestsideofthetank.A schematicsketch

f ofthemonorailsystemis showninfigure~. Figure13 isa photograph
showinga generalviewofthemonorailfromtheoppositedirection.

Themonorail-formsa trackfortwolightweightcable-drivencar-
riages,oneusedfortowingdynamicmodelsandtheotherusedforthe
freelaunchingofmodelsto investigatelandingbehaviorof seaplanesand
ditchingcharacteristicsoflandplanes.BQthcarriagesaretowedby a
l/8-inchsteelcabledrivenby anelectricmotor.C~er conductingbars
installedinthechannelofthemonorailprovidepowertothedynamic-

—

modeltowingcarriagethroughbrushcontactsfortheoperationoflights, *“

csmeras,andotherauxiliaryequipmentthatmaybe installedonthe
carriage. 1?

Thedynamic-modeltowingcarriageruns.frmnsouthto north.A photo-
graphofthiscarriageisshowninfigure1~. Thelen@h ofrunfromthe
startingpointtothepointwherethecarriageisreleasedfromthetowing
cableisapproximately120feet.Thecarriageisattachedto thetowing
cableby a clmnpwhichisautomaticallyrel=asedattheendoftherun.
Thecarriagethencoastsintoa shockcordwhichactsasan arresting
gear. Inorderto eliminatereboundfromthearrestinggear,hooksare
providedonthesideofthecarriagewhichratchetalonga chainposi-
tioneda shortdistancebeyondthecablerelease.Asthecarriageslows
downandtendsto reboundfro~theshockcord,thehooksengagethechain,
whichisheldfixedby a mechanicalbrake.Themodelmaythenbe raised
outofthewaterbeforethebrakeispartiallyreleasedto allowthe
forceoftheshockcordto drivethecarriageandchainbackto thepoint
atwhichtheshockcordwasfirstencountered.

Thelaunchingcarriage,showninfigure15,runsfrmnnorthto south
andisusedto acceleratea modelto a desiredlandingspeed.Thisspeed
ismaintaineduntilthecarriagereachesthelaunchingpoint,whereitIs
rapidlydeceleratedby a shock-cordarrangementsimilarto that used for
thedynamic-modeltowingcarriageandthemodeliscatapultedforwardto
glidefreelyontothewater.Modelsmaybe launchedatvariousattitudes,

● “.—
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andyawandrollmaybe incorporateed
controlsurfacesaresettomaintain
untilcontacttiththewaterismade.

if theyaredesired.
thedesiredattitude,

9

Theaerodjmsmic
yaw,androll

Therecoi.lmechanismforthelaunchingcarriage’issimilartothat
forthedynamic-modelcarriagebut,becauseofthehigherspeedsand
muchmoreabruptstops,muchgreaterforcesmustbe absorbed.Forthis
reason,thechainisnotheldby a mechanicalbrakebutinsteadiscon-
nectedto an oildanperthatallowsthecarriageto returnslowlyto
relievethetension in the shock cord. Thecarriageisthenmanually
disengagedfromthechain.

Themaxtiumspeedforthedynamic-modelcarriageis30feetper
secondwhereasforthelaunchingcarriageit is100feetpersecond.
Thesespeedsarelimitedby thebrakingmechanismsandtheaccelerating
andstoppingdistancerequiredineachcase.

Thespeedandaccelerationarecontrolledthroughtheuseofelectron
tubes(thyratrons)supplyingcurrentto thearmatureofthedrivemotor.
A referencevoltagecorrespondingto thedesiredspeedIs setupto
opposea voltageproducedby a tachometergeneratorconnectedto the
drivemotor.Thedrivemotoristhenstartedbyactivatingthethyca-
tronsandthemotorincreasesinspeeduntilthereferencevoltageis
canceledby thetachometergeneratorvoltage,atwhichpointtheth~a-
tronscutout. Thespeedisthenautomaticallymaintainedby thefiring
ofthethyratronswheneverthetachometervoltageislowerthantherefer-
encevoltage.Therateofaccelerationis controlledby limitingthecur-
rentoutputofthethyratronsontheinitialclimbtothereferencevoltage.

Modelsareattachedtothedynsmic-modeltowingcarriagethrougha
rectangularstaffoperatingina rollercageonthecarriage.Themodel
maybe operatedeitherfixedorfreeintrimand/orriseandthesequan-
titiesmaybemeasuredbymeansofelectricslidetires.Liftanddrag
forcesonthemodelandpitchingmomentabouta fixedpointabovethe
modelaremeasuredby theuseofa three-cmponentelectricstrain-gage
balance.

Theoutputsfromtheslidewiresandstraingagesaretransmitted
by meansofa 14-componentshieldedcableto strip-chartpenrecorders
locatedon shoreontheeastsideof,thetank. (Seefig.16.) Thecable
isfedoutandtakeninthrougha pulleysystemlocatedon shoreat a
positionabeamofthecarriageatthemidpointof itsrun. Thepulley
systemconsistsofa blockandtacklewithoneendfixedand”theother
fastenedto a shockcord.Theshockcordmaintainstensioninthecable
sothatit isreeledinwhenthedirectionofthecarriagemovementis
suchastoproduceslack.Inasmuchasthecableextendsupto 80 feet
ineitherdirectionfromthecentrallocation,thecablemustbe kept
undertensiontopreventitsdippingintothewater.
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Twomethodsareusedformeasuringthespeedofthetowingcarriage.
Onemethod~kes useofMicartablocksimbeddedat 5-footintervalsover
thelast40feetoftheruninoneofthecopperconductingbarsmounted
inthemonorailchannel.An electriccircuitisestablishedfromthe
speedrecordertothebar,thenthrougha brushto thecarriagefr~e,
andthroughthemet’hlwheelsofthecarriagetothe-monorail,whichacts
as a ground.As thecarriagebrushpassesovera Micartablock,the
circuitisinterruptedandan impulseofcurrentburnsa markona strip
ofelectricallysensitivepaperattachedto a constant-speedrotating
drumonthespeedrecorder.Becausethespeedoftherotatingdrumand
thedistancebetweentheblocksareknown,thespeedofthecarriage
overtherangecoveredby theMicartablocksmaybe calculated.

In orderto obtaina continuousrecordofthecarriagespeedduring
theentirerun,a secondmethodisused.The-outputofa tachometer
generatordrivenby a wheelrestingonthetowingcableisfedto oneof
thestrip-chartrecorders.Thismethodiscalibratedby comparisonwith
theMicartablockmethod.

Thespeedofthelaunchingcarriageismeasuredby a methodsimilar
to theMicartablockmethod.Inthiscase,thecarriagebreakstwosmall
wiresspaceda fixeddistanceapartandthuscausesa recordingmechanism
to burntwomarksona pieceofelectricallysensitivepapermountedona *-
drumrevolvingata constantspeed.Thecarriagespeedismeasuredduring
thetimeintervalbetweenitsreleasefromthetowingcableanditscon-
tactwiththearrestinggear.

k.
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:%%

.2182

.X%1

.23n

.1576

.

a’J
——
.266
.232
.255
.303
.326
;~

.400

.c@4

.mo

.033

.032

.*5

.056

.099

:%
;@&

.o~

.ctJ9

.I.cKl

----— I—----
.lm

:2$
.&

. .G53

:%
.su.6
.I151
.1253
.1416
.Un

-—

:!32
:%
.342
.431

.2335

.26%

.3079

.2755
.*
.276
.324
.346
.368
.4W
.450

:%
.609
.EG9

:2!
.608
.60s

4.73
1.81
2.k9
2.53
1.57
1.05
.49
.49

,yg

9:16
9.6a

;::
9.91

;:2
9.66
9.70

;:$
9.72
9.87
9.99
9.68

yj
.

.c074

.01J3

.W7

.@

:%
.0044
.0079
.0132
.Ouo
.0131
.0161
.OITL
.0178
.Oleg
.0202

.10U1

.I.210

.1238

.W

.1449

.lW

.02Q2

:%%’.Cr2m
.0372
.0s
.m.62

A-a 3.9
ha 3.9
Ace 3.9
J@ 3.9
.hcd3.9
J@ 3.9
Ao8 3.9
J09 3.9
4E2 7.8
,4327.0
,41.27.8
ha 7.7
km 7.T
4ze=7.6
ba 7.6
428 7.6
420 7.7
ha 7.7

6.659.20
6.659.58
4.69“9.70
6.259.70
2.699.70
1.819.68
1..ZJ9.66
6.859.64
6.6gg.a
6.6g9.58
6.659.6
5.019.76
5.5?9.66
3.4910.28
3.4110.*
3.579.93
2.779.64
1.659J%

.0Q57

.m

.*
:~

.(x)76

.ol~

.-

.Olp

.0144

.0143

.o#

.016-9

.olE.s

.Oln

.al.%

.016

.o@l

.023

.024

.020
:g

.045

.m9

.023

.O-(1

.Op

.072

.0-/4

.083

.(X7

.0%

.096

.W

.I18

.0323

.451b

.0440
.620
.6E0
.608

:%

5.01

%
3.57
2.37
Lx
1.25

;:&.&

.620

.612

.6u?

.612

SJ

.6I.2

.632

.6.26

.Ia

.lfi

.137

.172

.16

:=

.Uo

.145

.17’8

.97

.93

.61

.&s

.c@2

.1X6

E!%
.@76
.Om
.W3
.W7’7
.14%

.CGco

.CQ56

.0248.6
3.53
3.45
5.13
6.85
2.69
1.69

.03q

.0303

.0289

.0285

.0326.
IJ..5j .&31

, ,
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TABLEI.-MTAKRWUREOFORFIAT-BOI.TOMPLAKUWSEWACE- Continued

(a)Shallow-waterdata- Continued

[,= 1.977Slug+u ft]

r

‘%

9.53

;:;

9:74
9.72
9.72
9.72
9.66
9.74
9.70

;:$
9.65
9.66
9.66
9.*
9.66
9.62
9.76
9.64

9.62

;::
9.28
9.32
9.66
g.fm
9.68
9.68
9.69
9.65

,x
9.53
10.I.6

;:;

9:66
9.62
9.70
9.62
9.58
9.76
9.66
10.43
9.82

;:%
9.s”
9.62
9.68
9.62
9;66
9.70
9.76

M
9.66
9.66
9.66
9.74
9.T3

CL I % %e
r>
deg

11.5
si.~
D-.6
11.7
13.2
15.3
15.2
g.;

15:4
15.5
15.6
19.1
Ig.1
19.1
19.1
lg.o
19.0
19.2
19.2
3-9.3
19.3
19.4
19.5

Cv

-t

CL

0.171
.1~
.215
.228 10.103.loj

Sp
.226
.&p
.228
.232
.m
.209
.191
.179
.U9
.263
.274
.282
.285

0.0278
.0279
.0431
.wj12
.061.2
J%39
.0630
.0548

).623
.628
.62k
.616
.636
.632
.636
.632
.632

:g

.6%
,636
.636
.636
.640
.640
.632
.632
.628
.628
.62k

1.57
1.65
.97
.73

O.* 0J2890.81.2IJ..8
.0377.X292.8L21.L8i:g
.C46f3.1433.8.2%U-5 l::;
.CJ+64.lm .824IJ.6
.0575.U55 .81611.7
.0584.1377.82815.41:?;
.0549.1313.82815.41.45
.0527.111~ .828I-5.41.49
.Cs81.1755.83215.31.93
.0736.1876.83215.32.77
.0653.1613.83215.33.57
.0945.@ .82815.45.41
.0979------.82815.41.13
.0961.179 .83219.21.61
.09’71.lEq .83219.21.55
.0979.I.814.83219.21.57
.0910.1734.83619.11.9’7
.0836.lm .8% 19.11.93
.I_Io6------.84019.02.73
.1154.2527%& ;;.;3.65
------------
.1139
.1432:% lo@ 3:9‘2:;
.1393.3157;:$ 3.92.9

3.92.61
.OC@ .04~1.2093.93.29
SK& .015U1.0093.93.31

ag ;.;: 3.95.05
.0C67 3.96.41
.W .0167l:ocfl3.96.77
.C067.Om 1.CGS3.91.29
.O* .02601.009 3.91.49
.W5 .03171.C083.91.41
.0728 .032’f1.0Q9 3.9 .89
.Om .06551.01.?7.81.49
.0C35.02071.0127.81.53
.m97 .0U71.0207.7-1.45
.CQ29.01681.0207.71.89
.0134.14021.020 7.7l.n
.0091X&8 1.0207.71.73
.0097.C872l.o’a7.72.75
.0W59.0499~.~o 7.75.09
------------1.o127.86.41
.0140.- 1.0387.96.37
.0137.C5531.0L2 7.8 .85
.0151.o@41.0L27.8 .77
.0139,0421.01.27.8 .73
.0141.@2J.1.o24u.6 1.01
.0142.03321.024IJ.61.09
.Oul .0451l.o#+11.61.m.
.0133.04401.024u..61.45
.Ola .03931.024u.6 1.81
.0193.08511.a2411.61.77
.0188.07931.02811.52.61
.0223.uk5l.C@ ~.5 2.65
.0184------l.oa 11.53.49
.02C%------1.024u-.65.41
.0203.04761.01.2w-8 6.69
.0322.09931.016Il.-l.57
.0317.0939l.oa I-5.51.01
.0326.09821.01.615.71.05
.0312.09311.0281.5.41.49
.0314.09431.03215.32.73
.0302.09231.028V.4 2.o1
.02&l.07371.03215.33.49

0.0579
.@n
.1429
.1649
.2501
.1.646
.1565
.1681
.1484
.1357
.-

:%

2.j’3
2.65
3.57
5.3
2.01
1.41
1.2’5
.57

.197

.199

.@

.168

.228

.245

.248

9.70
9.78
9,62

::$

9:74
9J%
9.69
9.76
9.66
9.68
S@

9:66
9.82
9.91
9.74

.0597

.C2565

.0517

.W07

.0791

.0942

.Om

.1o13

.ml

.0557

.U383

.Ca40

.350
-----I2,05

1.97
2.G5
2.01

.275

.273-

.2n

.253

.236

.176?

.lm

.2@
-.----
Jglgi

.*

.30%

.0236

.0224

.Oql

.0231

.02CU

.0178

.01>5

.0143

.-

.Cq@

.049

.0374

.0742

2.93
3.57
1,61
1.49
1.0
1.09
.6g
.65

---
.267
.249
~227
.391

-----
.314
.ZJ+6
.331
.392
.408

.027

.0.27

.029

.024

.024

.m61

.0051
am
.0C%3
.W364
.c067
.oo71
.a%5
.Olog

,620

.8Q8 3.94.65

.&x 3.94.85

.808 3.94.89

.&18 3.94.87

.8(% 3.96.29

.838 3.96.37

.808 3.93.29

.809 3.92.29

.&x 3.91.81
aC8 3.91.17
.809 3.91::
.528 3.9
A& ;.; :7J

.8C% 3:9 .57

.&)8 3.9 .73

.808 3.9 .93

.820 7.7 2.57

.820 7.72.61

.820 7.72.69

.820 7.72.65

.823 7.72.61

.82o 7,73.45

.820 7.73.45

.8L2 7.85.Cq

.8E2 7.85.13

.809 7.96.49

.8a 7.71.81

.820 7.71.77
A& ;.;1.09

.69
.m 7:9 S&
.812 7.8
.824u..61.89
.8281.I..31.97
.8241.I.61.89
.82811.52.85
.82811.52.81
.828U .5 3.49
.824u.6 5.41

9.26
10.01
9.66
9.66
9.66
9.70
9.57
9.57
9,62
9.68
8.74
1o.51
9.91
9.68

.056

.022

.022 .Oa
.019
.019

;R
.064
.099
:Z
.O%
.C87
.W
.o~
.@
.69
.I$4
.138
.147
.152
.3.83
.17’6
.189
.164

.CQ2

.021

.019

.Cw

.036

.037

.053

.052

.Q%

.067

.W3

.@+

.069

.C39

.Op

.074

.W5

:%
W&

.C62

.C62

.oy3

.101

.101

.126

.0075

.00$3

.m5

.01.60

.0151 .d73
.0626
.0643
.07C0
.@53
.mx
.0568

.ol.i+3

.0157

.0169

.01419.70
;.6$

9:66
9.9
9.74
9.66
9.M
y.f%
9,70
9.57
9.62
9.70
;:;
.9.58
9;66
$J.68
9.89
9.55
9.55
9.66
9.66
5.68
9.8
9.74

.0138

.0119

.0132

.owl

.0232

.Olga

.0254

.cm2

.0%1

.X231

.W

.1163

.14%Al#
.0431
.0350

.IiLo

.1516

.1206
.153
.SJ7
.131
.134
.IJ_6

.0353

.0562

.0297

.0316

.0279

.0281

.I.lw

.1213

.0977

.1024

.C.s40

1
-----
.201
.161
.142
.140
.143
.133
.132

:%

.107

.102

.248

.Z2

.247

.225

.182

.0737I

.0679!

.16201

.17671

.1519,

.l’j39

.lyxl

.1544

.I.%6

.@31
SrJoo

.CmI

.0534
X&.236

.175
1 I 1 1 1[ 1 I t



1 .

%?
l.ca
Low
1.05!2
1.032
la%
l.ciko

1.209
1.s26
1.09
I.@
1.KB
1.22J
1.2?3

::2
1.2U?
l.m
l.a
l.m
1.2?3
1.223
1.2M
1.ZU
1.2X?
1,203
1.2c0
1.21JS
1.2?4
1.224
1.224
1.22!+

T>
~a

15.6
19.4
19.4
19.2
we
19.2
1%1
19.o

H
>.9

;:;
7.7
7.7

H
7.8

H
7’.7
7.7
7.7
7.B
7.8

!$

#

u:6
u.6
11.6
U..5
u.6
11.6
15.5

::1

:

0.57
1.05
1.01
1.69
M@
1.57
2.93
3,61

!2.43
3.3-7
3.35
4.69
6.Bl
1=9
1.53
1.37
1-33
1.33
1.77
W-7
2J3
2.53
3.53
3.09
k.25

i:g
6.71
.77
.97
1.09

::47
1,81
2.49
3.49
5.09
l.a
l.a
W3

Cv

9.72

!%
9.66

;2

%

9.66
9.82
9.22
9.62
9,64
9.-74
9.7E
~.w
9.69
9.65
9.E6
9..%

M
9.65
lo.m
9.33
9.30
y%
9.*
9.6?J
9.66
9.43
9..9I

:2
9.70

M
9.@

M

‘MB121.—Mz4ME4soRm KFl~-EOIKM PMIRU 91S@ACE- Cmtimad

(a) 2bnllm-*er mu - Cmcluded

[, -1.977ml.9/cm +

CL

O.y+l
.X3
.33s
.*
=79
.2-70
.233
.=9

.ml

.@

.@.

:07
.W
.W
.102
Jo7
.W
.@

;$

:%

;:

.m

.193

.191

.Iao

.W

.V1
J.33
JJS
.m
.2X
=.&

%

0.2$53
.2322
.2.314
.2C49
.aJ37
.199
.1651
J@.

.0w3

.021.3

:%
.Qw.
.@&
.c#3
.Wc4
.aw.l

:%

:%”?3
.0332
.cw6

:$$

.O%l

.13B0

.I.651

.U*

.124~

.l14B

.X@

i;
.15
J5

ii

+?:;
19.
19.i
19-3
19.2
I&l
19.1

5.9
3.9
3.9
3.9
5.9
3.9
3.9
3.9
7.B
7.7

H
7.7
?.7

u:B

;;
u.6
u.6
IJ..5

:2
15.5
13.4

H
-.3
19.6
J.9.3
19.2
19.2

~
b

L93
3.61
.69
1.13
1.53
1.73

H

1:3
2.C9
2.17
2.65
3.77
3.JW
5.49
1.o1
1.45
1J!9
1.M
zn

M
.53
-73

1.09
1.,57
2.W
2.7-7
3.49
.61

1.17
1.63.
&.m.
1.89
2.al
.s7

l.cg
1.73
2.o1

%

9,&

x
9.66
9.64
9.68
9.72
9.74

9.69
9.64

&
9.66
9.74
9.U
9.60

%
9.m
9.52

%
9.66
9.68
9.60
9.70
9.77
9.69
9.66
9.66
g.a
9.@
9.74
9.22

;Z
9.E58
9.76

w

%

O.*
J.%
.Y3

:%
=-n
.233
-— --

:%
.032
.W
.@6

;?j

Jw

g

.P31

.=
J&!

:3
.121
.W
.311
.245
.2L5

:%
.179
.373
.309
.*
.Zfa

%

0.14*
.1231
;g:

.L759

.2051

.17=

.ca17

.OxJ1

.@@

.02%

.Om

.Oml

.01s9

.o155

.1402

.a%9

.0742
-0730
.G542
.@9
.oU6
1o11
-w
.1317

:%
.C93.l

$!j

.3343

.13c8

.2441

.1558

.2U9
-m
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.
TABLEI“.- DJiTAMEASUREDFOR FIAT-BWT@l PLANINGSURFACE- Concluded

28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8
28.8

T,

deg

;:;
3.9

;:;
7.8
7.7

;:;

7:9
7*9

1!:2
11.6
1.I..6
11.6
11.6
11.6
1.1.7
:.j-

11:9
11.9
15.6
15.4
15.4
15.4
15.4
15.4
1’3.4
15.5
15.7
13.7
19.4
19.2
19.2
19.2
19.1
19.’2
19.2

5.13
4.97
5::;

.81
1.53
2.29
2.37
3.13
4.05
4.01
5.77
6.41
.85

1.65
1.65
2.61
3.41
3.33
4.17
4.21
5.89
6.77
6.81

●93
1.81
2.65
2.73
2.73
3.45
3.41
4.33
5*97
.992
.g50
.974
.974
@&

.986
●989

(b)Deepwaterdata

rp = 1.938slugs7cutil
I_

%

9978
9*78
9.87
9.82
;.;$

9:74
9.76
9.86
9.82
9.86
9.60
9.64
9.60
9.47
9.66
9.78
9.57
9.76
9.74
9.78
9.70
9.66
9.64
9.70
9.70
9.70
9.49
9.58
9.66
9.66
9.70
9.66
9.80
9.82
9.86
9.74
9.76
9.7’8
9.70
9.70

0.018
.018
.016
.128
.131
.092
.on
.074
.064
.056
.056
.048
.047
.204
.150
.150
.121
.108
.107
.100
.100
.Ogo
-.08$
.088
.255
.197
.16g
.165
0168
.152
.135
.142
.134
.152
.317
9s3
.256
● 226
,210
.2U&
.193

%

0.0065
.0058
.0050
.0200
● 0190
.0179
.0146
.0139
.0139

------
.0)22
.0113
.0111
● 0445
.0344
.0346
.0296
.0271
.0263
.0262
.0262
.0244
.0246
.0242
.0691
.0578
.0512
.0503
.0499
.0473
.0474
.0456
.0438
.0434
.1=6
.og28
.0952
.0863
.0822
.0799
.0759

0.0154
.0154
● 0131
.U52
.1024
.0847
.0622
.0576
.0520

------
,0439
.0369
,0357
.1784
.1176
.1187
.0977
.0816
● 0804
.0759
.0747
.0555
.0632
.0620
.1862
.1505
.1295
.1273
.1273
.1148
.u58
.lwp
.0932
.og40
.26u
.1999
.2Q92
.1789
.1597
.1585
● 1353

.

—

.

. —.
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Figurel.- Detailsof planingsurface. KU dimensionsme in inches.
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18 NACATN 3642

*

L

--,.>

.,;,

L,-
i. i

—

—..

.—

. -.

.-

,

Figure4.- Underwaterphoto~aphof ~del. ..!’r~~ ~“; c!e~~ce~ ‘*7 ‘rich” _.
.



, *

—.
mm wattoalength,Zm, In.

1 , I , I
o 8

I&@b-bam4rvtlo, IL

--
Main ratti lmgt.h, Tm, in.

1 I I 1 1
0 2 L 6 8

I.an@h-bOuratio, &/’b

Figure ~.- Lift, drag, ahd trimorlng-mment coefficients for deep water
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(a)Meanwettedlength ~ = 2 tithes
(~ = 0.8).
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(b)Mean wettedlength Zm = 4 inches
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Figure6.-Continued.
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Figure 12.- Schmtic sketch of monorail
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